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(57) Abstract 

An end of a composite cylinder (40) is formed about an end connection assembly having two longitudinally arranged pieces (42a, 42b) 
having a contour which prevents the withdrawal of the end connection assembly from the cylinder. The two pieces of the end connection 
assembly are relatively forced apart and a snap ring (46) having a certain rest diameter is reduced in diameter and inserted into the end 
connection assembly to a position between the pieces. The snap ring then assumes its rest diameter positioned between the pieces, forcing 
them to maintain intimate contact with the inner surface of the cylinder, thus removing any residual gap from the assembly process and/or 
preloading the interface between the end of the composite cylinder and the end assembly prior to application of an axial load. 
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TUBULAR END CONNECTION USING SNAP RING 

STATEMENT OF GOVERNMENT INTEREST 

This invention was made with United States Government 
Support under Cooperative Agreement 70NANB5H104 7 awarded 
by the U.S. Department of Commerce, National Institute of 
Standards and Technology. The United States Government 
has certain rights in the invention. 

BACKGROUND OF THE INVENTION 
FtpIH of r.he invention 

The invention in general relates to composite 
5 structures and more particularly to tubular composites 
with an end connection. 
DftRnription of related art 

The use of composite materials in place of metal for 
various structures is desirable for many reasons, 
10 including weight reduction, corrosion resistance, 
durability and increased strength. 

One type of structure which finds use in a variety 
of applications is a tube, or cylinder, which must be 
joined to another similar or dissimilar structure, at 
15 either or both ends. Accordingly, an end piece, of a 
material such as metal, is provided as the cylinder 
termination for the joining process. The use of adhesives 
for bonding the metal end piece to the composite cylinder 
may be less than satisfactory under certain conditions, 
20 particularly in the presence of large bending moments or 
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axial loads which leads to debonding. Extreme 
environmental conditions such as immersion in water can 
weaken the bond. Large temperature changes can cause 
joint failure due to coefficient of thermal expansion 
5 mismatch induced thermal stresses. 

Mechanical fasteners have also been used for 
securing the composite cylinder to the metal end piece. 
However, this form of connection requires drilling holes 
which tends to weaken the composite. Their performance 

10 also degrades under extreme environmental conditions of 
high temperature and immersion in water. 

In another arrangement, such as described in U.S. 
patent 4,701,231 a composite cylinder has an end which is 
wound over, and bonded to, a contoured end piece which is 

15 of such geometrical shape that it is locked in place. 
This geometrical lock type joint typically has a bonded 
interface between the composite and end piece, however 
under large load conditions the bond may fail, allowing 
undesired relative movement between the composite and the 

20 end piece. Or it may become highly loaded during 
fabrication or use due to temperature changes. As with a 
conventional bonded joint when the bond fails an 
undesirable gap may open up. 

The present invention provides a solution to the end 

25 joint problem so as to allow for a structure which can 
accommodate relatively high axial loads and bending 
moments without failure of the joint or without excessive 
movement . 

SUMMARY OF TOR TWVRWTTOW 
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A composite-to-end connection arrangement in 
accordance with the present invention includes a hollow 
cylinder of composite material which extends along a 
central longitudinal axis. An end connection assembly 
5 includes first and second longitudinally arranged 
segments coaxial with the axis. 

The end of the cylinder is formed about the segments 
so as to assume the contour thereof, the contour having a 
predetermined shape so as to prevent withdrawal of the 
10 segments from the cylinder. 

A snap ring of rest diameter D and having first and 
second ends moveable relative to one another is 
compressed to a diameter smaller than D and is inserted 
into the end connection assembly. The first and second 
15 segments are separated and the snap ring assumes its 
larger diameter condition in a position between the 
segments, separating the segments and forcing them into 
intimate contact with the inner contoured surface of the 
cylinder to limit axial movement of the assembly due to a 
20 predetermined load condition. 

RRTFF DESCRIPTION OF THE DRAWINGS 
Fig. 1 illustrates one of many applications for the 
present invention . 

Figs. 2A to 2C illustrate a geometric lock joint of 
25 the prior art. 

Figs. 3A to 3C illustrate the principle involved in 
the present invention. 

Fig. 4 is an axial cross-sectional view of an 
embodiment of the invention. 
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Fig. 5 illustrates one type of snap ring which may 
be utilized in the present arrangement. 

Figs. 5A and 5B illustrate another type of snap ring 
which may be utilized in the present arrangement. 
5 Fig. 6 and 7 illustrate the placement of the snap 

ring of Fig. 5 into the structure of Fig. 4. 

Fig. 8 illustrates a marine riser section made in 
accordance with the present invention. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 

10 Although the present invention finds use with a 

variety of structures including rocket motor cases., 
pressure vessels and missile launcher tubes, it will be 
described by way of example with respect to a marine 
riser such as the drilling riser illustrated in Fig. l. 

15 In Fig. 1 a riser arrangement 10 made up of a 

plurality of riser sections 12 extends from a floating 
platform 14 at the surface to drilling equipment 16, such 
as a blowout preventer, located on the bed 18 of a body 
of water.. The primary function of the riser 10 is to 

20 guide drill pipe and tools to the well bore and to 
provide a return path for drilling mud which is pumped 
down the center of the drill pipe to cool and lubricate 
the drill bit, flush tailings out of the bore and balance 
the hydrostatic pressure of the formation being drilled 

2 5 through. 

Drilling risers are generally of medium strength 
steel which create significant weight loads for the 
floating platform 14. Accordingly, advanced composite 
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drilling risers are being considered as a replacement for 
steel thereby significantly reducing the deck weight of 
the riser system, and allowing a greater number of riser 
sections to be carried, to extend the drilling 
5 capabilities to greater depths. 

One key to implementing composite technology in 
drilling risers is the development of composite-to-steel 
structural joints bietween the composite cylinder and a 
steel end connector. A • similar need exists in the case 

10 of production marine risers, which are similar to 
drilling risers but are of lesser diameter and are used 
after a producing well is established. 

Fig. 2A illustrates, in cross-sectional view, an end 
connection for a composite cylinder in an arrangement 

15 which prevents the connection from being withdrawn from 
the composite cylinder. The structural arrangement, more 
fully described in the aforementioned U.S. patent 
4,701,231, includes a composite cylinder 20 which extends 
along a central longitudinal axis C. Cylinder 20 has an 

20 end portion 21 formed about an internal ring 22, such as 
by filament winding, to thereby conform to the contour of 
the ring 22. The contour of the ring 22 is defined by 
hyperboloidal surface portions 24 and 25 on either side 
of an isotensoidal, or circular arc surface portion 26, 

25 which defines the maximum diameter of the ring 22. 

The arrangement typically incorporates an optional 
adhesive bond 28 between the ring 22 and the inner 
surface of the cylinder end 21. If an elevated 

temperature cure composite is used, its coefficient of 

30 thermal expansion needs to be tailored by varying the 
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fiber type and orientation during winding so that it 
matches that of the material being wound over, typically 
steel, aluminum or titanium. A large coefficient of 
thermal expansion mismatch yields high residual thermal 
5 stresses in the bondline between the composite and 
metallic ring which may lead to debonding as the parts 
cool down from an elevated temperature. This is 
illustrated in Fig 2B by debonded portions 30 and 31. A 
similar gap can occur if there is no adhesive at the 
10 interface with temperature environmental changes. 

Stress concentrations and high residual thermal 
stresses can lead to premature bond failure as can poor 
bond quality, environmental effects and fatigue. 
Complete bond failure, as depicted by numeral 34 in Fig. 
15 2C, results in a relatively large displacement, d, 
between the cylinder 20 and the initial position of ring 
22, when subjected to an axial load represented by arrow 
36. Although the ring 22 is not withdrawn from the 
cylinder 20 as a result of the axial load, large relative 
20 motions will cause damage to the composite cylinder 2 0 
due to fretting and abrasion. The relative motion will 
also damage an inner liner, if used. 

Figs. 3A to 3C serve to illustrate the basic concept 
which the present invention utilizes. In Fig. 3A f a 
25 cylinder 4 0 of composite material extends along, and 
surrounds a central longitudinal axis C. An end 41 of 
the cylinder 40 is formed around an end connection 
assembly 42, having a contour which will prevent its 
withdrawal from the cylinder. The forming may be 
30 accomplished by a variety of composite fabrication 
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processes such as filament winding, tape laying, roll 
wrapping or hand layup, to name a few. The end 
connection assembly may be of a metal such as steel and 
its contour may be as previously described in Fig. 2A 
5 with respect to ring 22. 

The end connection assembly however in the present 
invention includes two longitudinally displaced segments, 
42a and 42b which initially touch one another such as at 
the point of maximum outside diameter with one, or both, 
10 of the segments being free to move in an axial direction. 
That is, by use of a mold release agent covering their 
surface, they are not bonded to the inner surface of the 
cylinder. 

The two segments 42a and 42b are relatively forced 
15 apart, as indicated by arrows 44 and 45 in Fig. 3B, 
leaving a gap g between them. The separation process may 
be accomplished by applying an external force to the 
outermost segment 42b, while holding segment 42a immobile 
or by tooling which contacts and separates both segments 
20 42a and 42b to preload the composite-metal interface. 

Once separated, and as indicated in Fig. 3C, a 
spacer 46 is inserted into the gap between the ends of 
segments 4 2a and 42b, the external separating force is 
removed, and. the restoring force, as indicated by arrows 
25 47 and 48, maintain the spacer 46 in position. 

As shown in these Figs., as well as in the specific 
embodiment of the invention to be described, a portion, 
such as 49, of one of the segments extends past the end 
of the composite cylinder. An external connector may then 
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be coupled to this extended portion for joining the 
cylinder to another structure. 

In Fig. 4, illustrating one embodiment of the 
invention, a composite cylinder 60 extends along, and 
5 surrounds a central axis C. An end 62 of the cylinder 6 0 
is formed around an end connection assembly 64, having a 
contour which will prevent its withdrawal from the 
cylinder, as previously described. 

The end connection assembly includes first and 

10 second longitudinally displaced segments 64a and 64b 
coaxial with central axis C, with each having a 
respective end 66a and 66b in an overlapping 
relationship. In order to reduce the amount of 

displacement when a preloading is applied and to reduce 

15 stresses in the joint area, a circumferential overwrap 68 
may be applied over the end of the cylinder 60. The 
cylinder 60 and overwrap 68, which may be formed by any 
number of manufacturing processes, as previously 
described, do not cover the extreme end of segment 64b 

20 thus allowing a portion 70 to be available for attachment 
to another structure. 

In the present invention, the two segments 64a and 
64b are relatively pulled apart and in so doing the 
overlapping ends 66a and 66b will form a gap or groove. A 

25 split, or snap ring is placed into the formed groove thus 
separating and maintaining the two segments 64a and 64b 
in a forced apart condition against the inner contoured 
surface of the cylinder 60 to thereby limit axial 
movement of the assembly 64 due to predetermined load 

30 conditions. 
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One type of snap ring which may be utilized is 
illustrated in Fig. 5. The snap ring 74 , coaxial about 
an axis A, has ends 75 and 76 which, in the embodiment 
illustrated, are separated by a split or gap 77. The 
5 ring 74 has a rest diameter D, a radial thickness R and 
an axial thickness T. The ring 74 is of a material such 
as steel so as to allow it to be compressed in a manner 
so as to reduce its diameter. In the embodiment of Fig. 
5, ends 75 and 76 may be brought together tending to 

10 close gap 77 and reduce diameter. D to a point whereby the 
ring may be inserted into segment 64b of end connection 
assembly 64. To accomplish the gap and diameter 
reduction, the ends 75 and 76 may be provided with means 
such as a series of apertures 78 to allow for the 

15 insertion of a tool or other means for drawing the two 
ends together. 

Other embodiments of the snap ring may include those 
designs wherein there is a minimal, diagonal or even no 
perceptible gap, and wherein the reduction in diameter is 

20 accomplished by sliding one end of the ring past the 
other end in an overlapping relationship. By way of 
example, Fig. 5A illustrates a snap ring 80 having ends 
81 and 82 which are relatively close to one another and 
which define a narrow diagonal gap 63. The ends 81 and 

25 82 are drawn together whereby the diagonal surfaces of 
the ends slide over each other such that, as illustrated 
in Fig. 5B, the ends are axially displaced and are in an 
overlapping relationship. Apertures 84 in ends 81 and 82 
allow the ends to be secured to a mandrel, or the like, 
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for insertion of the snap ring 80 into the end connection 
assembly. 

With additional reference to Fig. 6, and with 
reference to the snap ring as illustrated in Fig. 5, 

5 after the ring diameter has been sufficiently reduced it 
is inserted into segment 64b and held in position by 
means of a series of brackets 86 temporarily secured to 
the inside surface of segment 64a by means of fasteners 
88. Each bracket 86 includes a cut out 90 which is fit 

10 over the ring 74 to immobilize it while the segments 64a 
and 66b are drawn apart. 

When groove 92, formed by the separating segments 
64a and 64b, is of sufficient axial length T, the ring 74 
will snap into position into groove 92 , again assuming 

15 its rest diameter, and maintaining the two segments in a 
forced apart condition. At this time, and as indicated 
in Fig. 7, the brackets 86 may be removed and, if desired 
the cavity 94, formed at the same time as groove 92, may 
be filled with a resin material introduced via passageway 

20 96, and to aid in the filling process an additional 
passageway 97 may be provided as an outlet for entrapped 
air or for a vacuum connection. In order to provide for a 
smooth interior it is preferable that the formed groove 
92 have a depth equal to the radial thickness R of the 

25 ring 74. In this regard, the gap 80, in Fig. 7 may be 
filled in with a material to provide a gapless smooth 
interior. 

As previously brought out, the embodiment of the 
invention includes a feature wherein a portion 70 of 
30 segment 64b extends past the end of the composite 



10 



WO 98/36203 



PCT/US98/02871 



cylinder 60. An external connector such as a flange, 
threaded connector, grooved connector, or the like, may 
then be coupled to this extended portion for joining the 
cylinder to another structure. 
5 By way of example, and with reference to Fig. B , 

there is illustrated, partially in section, a typical 
marine riser 100 including end connection arrangements 
102 at both ends and constructed in accordance with the 
teachings herein. With an end connection assembly 104 

10 having segments made of a metal such as steel, an 
external connector such as steel flange 106 may be welded 
to the exposed ends of the segments at either end of the 
riser section 100. The flanges 106 may then be bolted to 
the flanges 106' of respective adjacent riser sections, 

15 with the process being repeated, thus resulting in a 
light weight marine riser system. 
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whan is claimed if?; 

1. A composite-to-end connection arrangement 
comprising: 

(A) a hollow cylinder of composite material 
5 extending along a central longitudinal axis; 

(B) an end connection assembly having first and 
second longitudinally arranged segments coaxial with said 
axis and in contact with the inner surface of said 
cylinder at an end thereof, each said segment having an 

10 inner surface of predetermined diameter; 

(C) said end of said cylinder being formed about 
said longitudinally arranged segments to assume the 
contour thereof, said contour having a predetermined 
shape so as to prevent withdrawal of said segments from 

15 said cylinder- 
CD) a snap ring of rest diameter D and having first 
and second ends moveable relative to one another to allow 
it to be compressed to a diameter smaller than D, so as 
to enable it to be inserted into said end connection 

20 assembly and to thereafter assume a larger diameter; 

(E) said snap ring being positioned between said 
first and second segments, in said larger diameter 
condition, separating Sc*.d segments and forcing them into 
intimate contact with the inner contoured surface of said 

25 cylinder, to limit axial movement of said end connection 
assembly due to predetermined load conditions, or to 
close any gaps or separation between the composite 
cylinder and the segments that may arise due to thermal 
contraction. 
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2. An arrangement according to claim 1 wherein: 

(A) said snap ring has first and second ends 
separated by a gap. 

3. An arrangement according to claim 1 wherein: 

5 (A) said snap ring includes means for attachment of 

a means to reduce said diameter D. 

4. An arrangement according to claim 3 wherein: 

(A) said snap ring has first and second ends; 

(B) said means for attachment are constituted by a 
10 series of apertures in said first and second ends. 

5. An arrangement according to claim 1 wherein: 

(A) said first and second segments have respective 
overlapping ends. 

6. An arrangement according to claim 5 wherein: 

15 (A) said overlapping ends define a groove when said 

first and second segments are relatively separated; 

(B) said snap ring being positioned within said 
groove . 

7. An arrangement according to claim S wherein: 
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(A) said snap ring has a radial thickness of R and 
an axial thickness of T; and 

(B) said groove has a depth of R and a length of T. 

8. An arrangement according to claim 6 wherein: 

5 (A) said snap ring assumes its rest diameter D when 

positioned within said groove. 

9. An arrangement according to claim 1 wherein: 

(A) said composite cylinder is formed about said 
longitudinally arranged segments by a process selected 
10 from the group consisting of filament winding, tape 
laying, roll wrapping and hand layup. 

10. An arrangement according to claim 1 which 
includes : 

(A) a circumferential overwrap, covering said end of 
15 said cylinder. 

11. An arrangement according to claim 1 wherein: 
(A) said cylinder is a marine riser. 
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